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Peritherapeutic quantitative flow analysis of
arteriovenous malformation on digital subtraction
angiography
Tzung-Chi Huang, PhD,a Tung-Hsin Wu, PhD,b Chung-Jung Lin, MD,c Greta S. P. Mok, PhD,d and
Wan-Yuo Guo, MD, PhD,c Taichung and Taipei, Taiwan; and Taipa, Macau
Background: Digital subtraction angiography (DSA) provides detailed hemodynamic information. However, the imaging
interpretation is mainly based on the physician’s experience and observation. We aimed to quantitatively study the
peritherapeutic blood flow changes of a cerebral arteriovenous malformation (AVM) treated by embolization using
optical flow estimation on DSA.
Methods: A 37-year-old woman with an AVM in the right frontal lobe of her brain was enrolled. The optical flow method
with a pixel-by-pixel measurement was applied to determine the blood flow in brain vessels on anterior–posterior and
lateral DSA views before and after embolization.
Results:A return toward normalization of blood flow as a result of embolization was determined semiquantitatively on the
posttherapeutic DSA.
Conclusions:Optical flow analysis on DSA illustrated the potential of quantifying intracranial blood flows in patients with
cerebral vascular disorders and the therapeutic effects. ( J Vasc Surg 2012;56:812-5.)
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aDigital subtraction angiography (DSA) remains the
gold standard for studying intracranial vascular diseases in
clinical practice, although other less-invasive imaging tools,
including computed tomography (CT), CT angiography
(CTA), and magnetic resonance angiography (MRA) are
available and provide acceptable temporal resolution for
screening and follow-up after therapy.1,2 The interpreta-
tion of hemodynamics on DSA is usually qualitative and
based on the physician’s experience and observation, and
an objective and quantitative assessment is still a clinical
challenge.
Cerebral arteriovenous (AV) malformations (AVM)
contain an abnormal vascular network, the nidus, through
which AV shunts occur, and as a result, intracranial hemo-
dynamics are disturbed locally or globally. Clinically, the
hemodynamics disturbance of AVM may cause hemor-
rhage, seizures, headache, and focal neurologic deficits.
These clinical manifestations depend on the severity of the
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812emodynamic disturbance and the anatomic location of the
VM.
Endovascular treatment, as one of the common treat-
ents for cerebral AVM, aims to block the AV shunts by
ntravascularly injecting embolization material into the
VM under the guidance of DSA. Embolization restores
ormal intracranial hemodynamics, and the clinical mani-
estations are diminished. Analysis of the blood flow in this
linical scenario would help in strategies for clinical man-
gement. In this study, we developed a semiquantitative
ssessment technique based on the optical flow method
OFM) to evaluate therapeutic effects through DSA.
ETHODS
This study was approved by the hospital Institutional
eview Board. A 37-year-old woman with an AVM located
n the right frontal lobe was enrolled. The patient presented
ith a red eye, blurred vision, and diplopia. It was treated
y embolization by using detachable coils and a mixture of
-butyl-2-cyanoacrylate and lipiodol for the fistula compo-
ents of the AVM. Conventional DSA images before and
fter embolization were acquired. The imaging parameters
ere angiocatheters being placed at the C4 vertebral body
evel for common carotid angiography (70 kVp; 338 mA, 6
rames/s). A power injector was used to inject 12 mL of
0% diluted iodinated contrast medium (300 mg/mL io-
ine) in 1.5 seconds, with interleaved images acquired on
nterior–posterior (AP) and lateral projections.
Two different phases, arterial- and venous-phase DSA
mages, were selected for analysis by two neuroradiologists
o mitigate observer bias. Each phase contained four to six
mage frames, in whichmovement of the iodinated blood in
rteries and veins was recorded.
OFM, a deformable image registration algorithm to
egister the optical images from different time phases and to
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ages,3,4 was used to analyze the DSA images. The changes
of imaging density inside blood vessels on two consecutive
images and the movement of pixels per second formed the
basis of OFM estimation for pixel-by-pixel flow measure-
ments.
RESULTS
Fig 1 and Fig 2, respectively, illustrate the color-coded
peritherapeutic OFMmeasurement of the AVM on AP and
lateral views. On the AP views (Fig 1), the mean flow of the
feeding arteries was 10.22  2.86 pixels/s before emboli-
zation and 7.98  1.98 pixels/s after embolization. The
mean flow of the draining veins was 9.61  1.47 pixels/s
before embolization and 6.17  2.21 pixels/s after embo-
lization. The decrease of mean blood flow was 22% in the
arterial phase and 36% in the venous phase. On the lateral
Fig 1. Anterior-posterior views of the optical flow
subtraction angiography (DSA) images with color cod
feeding arteries, nidus, and draining veins of the arteri
and (c) venous phases. b and d, After embolization, t
high-flow components are illustrated.view (Fig 2), the high flows were mostly shown on feeding 3rteries at the arterial phase (Fig 2) and on the AVM nidus
t the venous phase (Fig 2, c) before treatment. The mean
ow measurements of the feeding arteries were 17.74 
.86 pixels/s before embolization and 10.44 6.91 pix-
ls/s after embolization. The mean flow of the draining
eins was 12.87  1.47 pixels/s before embolization and
0.47  3.44 pixels/s after embolization. The decrease of
ean blood flow was 41% in the arterial phase and 19% in
he venous phase.
ISCUSSION
Blood flow is inversely proportional to the resistance
f vessel.5 AVMs are characterized by a low resistance in
he intranidal vascular structures due to the lack of
nterposing capillaries.6 Our study results found the
ecrease of mean blood flow after embolization in the
rterial and venous phases was, respectively, 22% and
hod estimation of blood flow overlaid on digital
nd c, The red and green colors indicate high flows in
ous malformation before embolization on (a) arterial
modynamics change toward normalization and fewermet
e. a a
oven
he he6% on AP view and 41% and 19% on the lateral view.
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September 2012814 Huang et alThe flow reduction met the goal of embolization for
closing the fistula component of the AVM and slowing
the trans-AVM flows. Similar to a previous report, the
therapeutic effects of decreasing the trans-shunt flows
after embolization were well illustrated, in another man-
ner, by the semiquantitative blood flow measurements
using OFM in the current study.7
CONCLUSIONS
We have developed a semiquantitative blood flow mea-
surement of DSA using OFM. The objective and paramet-
ric hemodynamic information of an AVM nidus and its
feeding arteries and draining veins may facilitate the thera-
peutic decision making in clinical practice.
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Arteriovenous malformation (AVM) is one of several congen-
ital vascular malformations (CVMs). The AVMmaintains its prim-
itive form originating from the “reticular” stage of embryogenesis
that occurs before the primitive vessels have matured, such that the
direct connection between the developing artery and vein (passing
through an area of dysplastic capillaries) allows flow shunting
through the nidus.
AVM produces a profound hemodynamic impact affecting the
entire vascular system regardless of its location, resulting in much
more serious consequences compared with the other types of
CVMs (eg, venous malformation, lymphatic malformation).
An accurate assessment of the hemodynamic status of the
AVM is therefore mandated, as this remains the most essential
piece of information required for therapeutic planning. Conven-
tional arteriography has remained the gold standard despite the
risk involved, due to its invasive nature.
Recently, however, many challenges to this gold standard
with various non- to less-invasive tests led by magnetic resonance
imaging/magnetic resonance arteriography/magnetic resonance
venography and computed tomography combined with Duplex
ultrasonography. These individual tests remained mostly at thehD, Washington, DC
hich has never been popularized on both sides of the Atlantic,
xcept in Italy where its noble idea was formulated together with
hole body blood pool scintigraphy more than a decade ago.
Nevertheless, more precise hemodynamic information for bet-
er management of the AVM lesion requires improvement in the
urrent level of quantitative assessment. So we welcome such
nique efforts the authors have made with optical flow analysis on
igital subtraction angiography (DSA) to augment current imag-
ng interpretation of hemodynamic status on a qualitative level.
Indeed, the authors introduced a “semiquantitative” assess-
ent technique based on optical flow method to evaluate thera-
eutic effects of the embolization to a cerebral AVM based on the
lood flow changes using optical flow estimation on DSA. Color
oding superimposed on DSA image to assess the flow value
uantitatively is a fresh approach to upgrade current hemodynamic
nterpretation of DSA based on sequential opacification of the
ascular structures with gray scales.
If the spatial accuracy of the estimation of blood flow calcu-
ated is indeed around one pixel in error and the spatial error is
nder 1% on the visual inspection experiments, it is phenomenal to
elp converting the qualitative hemodynamic information of DSA,
nd I duly congratulate the authors for such unique contribution.
